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Abstract
The prevalence of Salmonella in UK pigs is amongst the highest in Europe, highlighting the risk to public 
health and the need to investigate on-farm controls. The objective of this study was to identify factors 
currently in operation on pig farms that had maintained a low Salmonella seroprevalence. For this purpose a 
case-control study was designed and pig farms with a low (<10%) seroprevalence were compared against two 
randomly selected control farms, sharing the same geographical region and production type. A total of 11,452 
samples, including pooled and individual floor faeces and environmental samples from pigs and their vicinity 
were tested and prevalence examined. In addition, detailed questionnaires were completed during the farm 
visits to collect descriptive data for risk factor analysis. It was shown that control farms had significantly 
higher prevalence compared to the case farms (19.4% and 4.3% for pooled and 6.7% and 0.1% for individual 
samples, respectively). The two risk factor analyses identified multiple variables associated with Salmonella 
prevalence including variables related to feed, effectiveness of cleaning and disinfection, biosecurity and 
batch production.
Introduction
The global human health impact of non-typhoidal Salmonella was estimated to be 93.8 million illnesses, 
of which approximately 80.3 million were food-borne (Majowicz et al., 2010). More than 80,000 cases are 
reported in the European Union each year, with an estimated overall economic burden of approximately 3 
billion Euros per year (Anonymous, 2012). Although a recent decrease in the number of human Salmonella 
cases in the EU has been observed, salmonellosis is persistently the second most frequently reported zoonosis 
(Anonymous, 2012, 2013). This versatile pathogen remains the most common causative agent responsible 
for food-borne outbreaks and, while the number of outbreaks linked to eggs and products thereof has 
decreased, the proportion of outbreaks linked to broiler and pig meat has increased (Anonymous, 2013). 
Salmonella Enteritidis and S. Typhimurium have been the most commonly reported serovars associated with 
human Salmonella cases and in 2012 accounted for 41.3% and 22.1% of cases respectively. Pigs may become 
infected by numerous serovars of Salmonella, including S. Typhimurium, and typically the infection remains 
subclinical. An EU baseline survey detected a high prevalence of 21.2% in lymph nodes of UK slaughter pigs 
(EFSA, 2008), which highlighted the need to identify effective control strategies. Although previous research 
has studied factors present on high prevalence farms, the factors that have led to farms maintaining a low 
prevalence have not been studied in depth. The aim of this project was to design a case-control study to 
identify farm and pig level factors associated with maintaining a low Salmonella seroprevalence and factors 
associated with low Salmonella prevalence in samples from the farm that were tested by bacterial culture. 
Methods
Farm selection
A total of 19 low prevalence farms were selected for the study by identifying pig farms with the most 
consistently low seroprevalence (<10%) identified through the use of the last 4 full years of the UK serological 
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surveillance scheme data (2008-2011) and hereinafter referred to as Platinum farms. For each Platinum farm, 
two Control farms were randomly selected to provide a comparable study population from the wider pig 
industry with the same production types and geographical distribution as the Platinum farms.
Sample collection and laboratory testing
Each enrolled farm was visited once and pooled and individual floor faeces and environmental samples 
from pigs and their surroundings were collected. Specifically, for each pen or yard selected for sampling with 
less than 50 pigs, a single pooled faeces sample was collected, whilst two or more pooled samples were 
collected where more than 50 pigs were present. Whenever possible, 60 (10 samples from 6 pens) sub-
samples of individual droppings were collected from finishing pigs’ pens (or growers, if too few finisher pens 
were available). Environmental swab samples (up to 70 per farm) were collected from boot dips, walkways, 
pooled water, feed, drinkers, feeders, farm effluent, pig handling equipment, vehicle foot wells, protective 
clothing, scrapers and wildlife faeces. Overall, a mean average of 165 and 138 pooled and environmental 
samples, 57 and 54 individual samples from grower/finisher pigs were collected from 19 Platinum and 38 
Control farms, respectively. The testing method used was a modification of the ISO 6579:2002 (Annex D) 
Salmonella isolation method in which only one plating medium (Rambach) is used (Arnold et al., 2015). All 
positive isolates were serotyped according to the White–Kauffmann–Le Minor scheme.
Data collection
At each farm visit, a 11-part questionnaire was completed to provide explanatory data for risk factor 
analysis. Detailed information related to business characteristics, housing systems, animal sourcing, 
husbandry, management and feeding practices, as well as health and pig performance, were collected.
Risk factor analysis
Farm-level analyses: A farm-level logistic regression model was completed in Stata 12, with the outcome 
variable being whether a farm was Platinum (1) or Control (0). A forward stepwise method was used to 
enter the variables into the final model and the multivariable model was fitted from variables that had the 
Likelihood Ratio p-value <0.1. 
Sample-level analysis: A sample-level logistic regression model was completed with the outcome variable 
being whether a sample tested positive or not for Salmonella. A model was created with the farm included as 
a random effect to account for the non-independence of samples from the same holding. An a priori variable 
was forced into the model to account for differences between sample types. A forward stepwise method was 
used to enter the variables into the final model and the multivariable model was fitted from variables that 
had a p-value <0.05. Where more than one variable shared the lowest p-value at a step, the best model was 
determined based on Akaike’s Information Criterion. A collinearity matrix was produced to identify variables 
strongly collinear (>0.7) with variables that entered the final model. 
Results
The Control farms had significantly greater Salmonella prevalence compared to Platinum farms, with an 
average pooled sample prevalence of 19.4% (0.0-52.4%), and with 3/38 farms (21%) having no Salmonella 
detected. The individual sample prevalence was 6.7% (0.0-61.7%). The average pooled sample prevalence 
for Platinum farms was 4.3% (0.0-25.8%) with 9/19 farms (47.4%) negative for Salmonella. The individual 
sample prevalence was 0.1% (0.0-1.7%) with only one farm being Salmonella positive. The same pattern was 
true for environmental sample prevalence for both control and case farms. The most common serovar of 
major public health importance detected on 13 Control farms was S. Typhimurium, followed by monophasic 
S. Typhimurium, whereas only 2 Platinum farms had monophasic S. Typhimurium. Both risk factor models 
enabled identification of explanatory variables associated with on-farm Salmonella status. The farm-level 
analysis identified four significant variables showing that Control farms were more likely to use pelleted 
feed, antibiotics in feed or in water, allow feed lorries to enter beyond the farm perimeter and had no mice 
observed in the farrowing unit (Table 1). The sample-level model identified a large number of significantly 
associated variables, related to feed, housing, cleaning and disinfection practices (Table 2).
Table 1: Farm-level Salmonella risk factors identified through multivariable analysis of 57 pig farms.
Variable Level Platinum Control Odds Ratio P-value
Feed type most commonly used  
Pelleted 2 27 1.00
Meal 8 7 43.69 0.019
Liquid 9 4 219.52 0.010
Feed lorries ever enter the farm perimeter
Yes 7 32 1.00
No 12 6 9.75  0.033
Antibiotics regularly added to feed/ water
No 14 12 1.00
Yes 5 26 0.05  0.027
Mice observed by farmer in farrowing unit 
No 1 15 1.00
Yes 15 15 26.27  0.072
N/A* 3 8 0.86  0.946
*No farrowing on site
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Table 2: Sample-level Salmonella risk factors identified through mixed-effects multivariable analysis of 57 pig farms (n = 11,452). The 
a priori sample type variable and Not Applicable or Not Known levels within variables have been omitted from the table.
Variable Level Positive Negative Odds Ratio P-value
Drinker type for pig group 
Nipple only 720 7418 1.00
Nipples and other 1 185 0.04 0.001
Trough, bell or bowl 308 1439 1.20 0.181
Acidified products added to water 
of that pig age group 
Yes 63 301 1.00
No 370 3113 0.33 0.001
Flooring type in pen 
Solid 523 4136 1.00
Field (outdoors) 39 107 0.60 0.425
Full slats 265 3434 0.60 0.002
Partially slatted 196 1355 1.55 0.012
Continuous production 
No 80 1249 1.00
Yes 891 6786 3.09 <0.001
Pig age group fed meal feed 
Yes 85 1983 1.00
No 920 6740 0.35 <0.001
Compound feed given to pig age 
group 
Yes 812 4155 1.00
No 195 4472 0.30 <0.001
Antibiotics regularly added to feed/ 
water
Yes 342 2123 1.00
No 91 1291 0.66 0.065
Frequency pen scraped through
 
Every few days 193 1922 1.00
After batch 273 2077 0.43 <0.001
No 103 710 0.76 0.329
Weekly or less 17 401 0.75 0.418
Age group fed using open hopper/ 
trough 
No 716 7565 1.00
Yes 289 1158 1.96 <0.001
Ventilation outlet position 
Roof 197 2002 1.00
Side 265 3052 0.32 <0.001
Mice in farrowing buildings 
Yes 884 3893 1.00
No 433 6242 0.24 0.004
Ventilation type 
Natural 730 5745 1.00
Forced 207 2690 0.41 <0.001
Salmonella control programme 
No 39 729 1.00
Yes 1278 9406 26.34 0.001
Sheep present on farm in last year 
Commercial 265 2233 1.00
Hobby 71 151 149.71 <0.001
None 981 7751 2.13 0.213
Position of bootdips
 
None 402 2812 1.00
Site entrance 374 2145 1.15 0.814
Pig buildings 301 3340 0.13 0.001
Both 240 1838 0.16 0.012
Scour linked to pig deaths over last 
12 months
No 669 6897 1.00
Yes 648 3238 5.94 0.001
Pen cleaning - disinfectant used 
No 166 2418 1.00
Yes 532 4561 1.46 0.037
Deep bedding
No 628 7235 1.00
Yes 367 1479 1.58 0.003
Discussion
The results of the farm visits confirmed that the farms that had a persistently low seroprevalence up until 
the end of 2011 had also maintained a low prevalence by bacteriological testing when visited in 2013/14. Many 
of the Platinum farms were also found to be Salmonella free, which was an important finding considering 
the large number of samples collected. The difference in serotype detected between Platinum farms and 
Controls, particularly S. Typhimurium which is of public health importance, also highlighted the difference 
between these farm types. The majority of the identified risk factors have been presented and discussed in 
other European risk factor studies, particularly those related to feed, production type, widespread antibiotic 
treatment and flooring and bedding. Identifying these factors in this study provides robust evidence that these 
are key practises in controlling Salmonella on farm and preventing its introduction. A number of identified 
factors appeared to be counterintuitive. The lack of mice observed by Control farmers could have been related 
to a lack of awareness and effective surveillance on Control farms rather than a true lower mouse population. 
A Salmonella control programme being a Salmonella risk factor may relate to the farm having a known or 
current Salmonella problem rather than implying preventive control actions. The sample level analysis had 
substantial statistical power which helped identify important variables associated with Salmonella but this 
power may also have identified variables that were selected by random chance and so results that do not 
have a biologically plausible explanation should be treated with caution.
Conclusion
This study has identified important differences between farms that have maintained a low prevalence 
and other commercial herds. It is hoped that this information will help motivate the pig industry to apply 
the identified protective measures to better control Salmonella and have a positive effect on food safety and 
overall herd productivity.
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